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We, Atomic Energy of Canada Limited, 
a Company incorporated pursuant to the 
Atomic Energy Control Act, Chapter 11, 
Revised States of Canada. 1952. as amended, 
and having its head office in the City of 
Ottawa, Province of Ontario. Canada, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement : — 

This invention relates to apparatus for 
detecting nuclear radiations and, in particu- 
lar, to a highly sensitive detector cell adap- 
ted for the efficient detection of low-energy 
P particle-emitting nuclides such as tritium 
in tritiated water vapour. Although in the 
following description of the invention, parti- 
cular reference is made to the detection of 
tritium in water vapour, in respect of which 
the invention is particularly useful, it will be 
apparent to persons skilled in the art that 
the detector cell herein disclosed can with 
advantage be applied to the detection of 
other types of nuclear radiation. 

Tritium is a radioactive isotope of hydro- 
gen produced by the action of neutrons on 
deuterium such as that found in heavy water 
(D2O) used in nuclear power plants. Deuter- 
iutn (H^ or D) is an isotope of hydro- 
gen (H), formed of one neutron and one 
proton. When one neutron combines to an 
atom of deuterium, an atom of tritium (H') 
is formed (one proton and two neutrons). 
Tritium can be found in many chemical 
forms and particularly in the form of water 
vapour having the following compositions: 

Hj^O. WWO, or WWO 

i.e. water or heavy water molecules in which 
either one or both of the hydrogen (H) atoms 
\Price4s.6d.] 



or deuterium (H-) atoms have been replaced 
by a tritium (H^) atom. 

The detection of tritiated wate r vapours 
becomes extremely important for providing 
radiation protection to the personnel of a 45 
nuclear power plant, working in the vicinity 
of nuclear reactors using heavy water for 
the moderation of fission neutrons. Leakages 
of heavy water contaminated with tritium 
will lead to tritiated water vapour in the 50 
atmosphere which is breathed by the wor- 
kers. With about equal efficiency as it is ab- 
sorbed through the lungs, triated water 
vapour will also be taken into the body 
through the skin. 55 

The accepted limit of tritium in air for 
safe continued human occupancy is 
5 X 10"^ /iC/cc (micro curie per cubic 
centimeter) for 40 hours exposure per week. 
Such concentrations of tritium will frequently 60 
occur in locations where there are other 
sources of nuclear radiation such as Argon 
(Ar— 41), Xenon (Xe— 138) and Krypton 
(Kr — 85) and, possibly, above natural levels 
of gamma (7) radiation as well. The above- 65 
mentioned gases are much less toxic than 
tritiated water vapour because of their 
less effective incorporation in the body. 
Moreover, the maximum permissible concen- 
tration of tritium produces an ion current 70 
which is only .02 of the current produced by 
the corresponding maximum permissible in- 
tensity of gamma radiation. It follows that a 
satisfactory tritium monitor must have a 
small response to gamma radiation and to 75 
other radioactive gases such as Xe — 138, 
Kr— 85 an Ar-^1. 

Tritium in air may be detected by flowing 
the air throueh an ionization chamher and 
measuring the current produced. However, 80 
such an instrument will also detect external 
gamma radiation to such an extent that steps 
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must be taken to cancel this contribution. It 
is, therefore, customary to use two ion 
chambers connected in opposition with a 
confined clean air volume in one and the 
5 air to be examined for tritium concentration 
flowing through the other. In principle, this 
is a straightforward procedure but its prac- 
tical realization is dimcult and it is unusual 
to get cancellation of the gamma radiation 
10 contribution to better than a few percent. As 
far as other radioactive gases are concerned 
the ion chamber is incapable of distinguish- 
ing tritium from other contaminants in the 
air. 

15 Nuclear scintillation counters can also be 
used for detecting nuclear radiation. In these 
instruments a piece or crystal of scintillation 
material is exposed to the nuclear radiation 
of a solid, liquid or gaseous body being 

20 monitored, and a photosensitive device re- 
cords the scintillation light radiation that 
the scintDIator emits in response to the nu- 
clear radiation. However, none of these prior 
forms of monitors are capable of efficiently 

25 detecting low energy ^ particle-emitting nu- 
clides such as that of tritium having 
a range of the order of a micron in solid 
matter and a millimeter in gasi 

The present invention provides a satisfac- 

30 tory and highly efficient detector cell, having 
the sensitivity necessary to detect tritium in 
tritiated water vapour without the aforesaid 
disadvantages. Basically the invention com- 
prises a scintillator core comprising at least 

35 one piece of scintillation material disposed 
adjacent a flow path for a medium to be 
monitored so as to be in contact therewith, 
the said piece having two opposite edges 
each of which is light-coupled to an optic- 

40 ally clear window capable of being juxta- 
posed to the light-sensitive element of a 
photoelectric sensing device. By such an ar- 
rangement the light energy generated within 
or adjacent the scintillation material is dir- 

45 ectly "piped" to the windows and thence to 
the photoelectric sensing device, thereby 
conserving nearly all of the scintillation 
light until it reaches the latter. As is well 
known to persons skilled in the art "light 

50 piping" of this type is an optical 
phenomenon by which a beam of light is 
guided by, and maintained within, the 
the boundaries of a transparent body of ma- 
terial whose refractive index is greater than 

55 that of its surroundings. 

According to the invention there is pro- 
vided a nuclear radiation detector cell hav- 
ing therethrough a flow path for a medium 
to be monitored, said detector cell compris- 

60 ing optically clear windows disposed on 
opposite sides of said path and adapted for 
juxtaposition to light-responsive sensing 
means, and two relatively thin, fiat pieces of 
scintillation material disposed edge-wise be- 

65 tween said windows, spirally wound in a 



parallel, spaced relationship to each other to 
define said flow path between said pieces, 
and optically coupled to said windows. 

In a preferred embodiment of this inven- 
tion a nuclear radiation detector cell is pro- 70 
vided which comprises an open-ended hous- 
ing member which has inlet and outlet ports 
at convenient locations on its sides. The 
optically clear windows are sealed across 
each of the ends of the housing and two 75 
elongated pieces of relatively thin scintilla- 
tion material are disposed edgewise between 
the windows and optically coupled thereto, 
the pieces being formed into parallel spaced 
relationship so that they together define a 80 
double spiral which extends from the outer 
ends of the pieces adjacent the housing to 
the inner ends of the pieces near the center 
of the cell. Baffle members are provided 
which extend between the respective ports 85 
and the outer ends of the pieces so as to 
define a flow path for the medium to be 
monitored, such flow path including, res- 
pectively, the inlet port, the inlet baffle 
member, a first spiral channel defined by one 90 
set of surfaces of the pieces leading inwards 
to the center of the cell, a second spiral 
channel defined by the other set of surfaces 
of the pieces leading outwardly from the 
center of the cell, the outlet baffle member 95 
and the outlet port. 

This invention will be described in con- 
nection with the following figures of the 
drawings, in which: 

Figure 1 is an elevational view, in section, 100 
of a detector cell made in accordance with 
this invention, taken along the line I — I in 
Figure 2; 

Figure 2 is a plan view, in section, of the 
same detector cell, taken along the line 105 
II— II in Figure 1; 

Figure 3 is an enlarged view of adjacent 
sections of scintillation material which is 
useful in explaining one of the most signifi- 
cant advantages of this invention; and 110 

Figure 4 is a schematic diagram showing 
a suitable arrangement of a radiation moni- 
tor using a detector cell made in accordance 
with this invention. 

Referring now to Figures 1 and 2, the 115 
particular embodiment of a detector cefl in 
accordance with this invention there shown 
comprises a metal housing 10 of generally 
cylindrical shape having open ends 11 and 
12, and, at convenient locations on its sides, 120 
inlet and outlet ports 13 and 14 respectively. 
The core for the detector generally repre- 
sented at 15 is disposed within the housing 
and comprises optically clear windows 16 
and 17, preferably made of a suitable plastic. 125 
which are sealed across the open ends 11 
and 12 respectively of the housing 10 so as 
to form therewith a gas and liquid-tight con- 
tainer. Within the container thus formed 
there is disposed a scintillator comprising 130 
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in the particular embodiment illustrated two 
elongated relatively thin strips 20 and 21 of 
s cintillation mar p.riRl (for pYamp!^ pM*?t*^ 
^hosphor)7 disposed edgewise between the 

5 windows and optically coupled thereto as 
shown at 23. The ^strips 20 and 21 are 
formed in relatively close spaced parallel 
relationship so as to form a double spiral 
extending from the outer ends 24. 25 of the 
10 strips 20, 21 respectively, both of which 
outer ends are located near the housing 10 
as shown, into a point adjacent the center 
of the core where the inner ends 26, 27 res- 
pectively terminate so as to form a central 

15 chamber 30 as shown. An inlet baffle mem- 
ber 31, which is of the same width as the 
pieces 20 and 21, is also edgewise disposed 
between the windows 16, 17 so that it ex- 
tends from the outer end 24 of the piece 20 
20 across the inlet port 13 to a point 32 on the 
housing 10. A similar outlet baffle member 
33 extends from the outer end 25 of the piece 
21 across the outlet port 14 to a point 34 on 
the housing 10. 

25 As will be apparent from Figure 2 the 
arrangement just described forms an elon- 
gated labyrinth-like path from the inlet port 
13 through an inwardly extending spiral 
channel shown by the arrows 36, defined by 

30 one set of surfaces of the pieces 20. 21 and 
the baffles 31, 33, to the center 30 and thence 
outwardly through another spiral channel 
shown by the arrows 37. defined by the 
other set of surfaces of the pieces 20, 21 and 

35 the baffles 31, 33 to the outlet port 14. 

A main requirement in the design of a 
cell which will yield eflficient tritium detec- 
tion is the necessity for brineine the tritium 
molecules into intimate contact with the 

40 radiation sensitive material. This require- 
ment is satisfied by a detector cell made in 
accordance with the present invention so 
long as the adjacent "turns" of the spiral 
defined by the scintillation pieces 20, 21 are 

46 relatively close together (e.g. 1 mm) with 
the result that molecules giving rise to the 
nuclear radiation to be detected are always 
very close to the surface of the radiation 
sensitive material, thus maximizing the 

50 chances that disintegration /3 particles will 
reach the scintillation material and produce 
pulses in the photomultiplier tubes. The 
area of the plastic scintillator presented to 
the tritiated air is also an important factor 

55 in the efficiency of the detector. The chosen 
geometry described above enables the use 
of a very large area of plastic phosphor in 
a relatively small total volume and preserv- 
ing at the same time a very good light col- 

60 lection efficiency. The spiral arrangement 
greatly simplifies the problem of circulating 
the gas in and out of the detector without 
making obstruction to the scintillation light 
and it also provides uniform irradiation of 

65 all the regions of the detector cell. The 



relatively large volume of the gas sampled 
at any time permits the measurement of 
gases of low specific activities. The thin 
sheets of plastic scintillator give a low 
volume to area ratio improving thereby the 70 
signal to noise ratio. 

A most significant feature of the detector 
shown in Figures 1 and 2 is that the light 
generated within the scintillation material 
pieces 20 and 21 is directly "piped" by sub- 75 
stantially total internal reflection within the 
pieces to each of the edges thereof where the 
pieces are light-coupled to the windows 16 
and 17 as described above, which windows 
are adapted to be juxtaposed to the face 80 
plates of photomultiplier tubes. While other 
arrangements such as a stack of filamentary 
rods of scintillation material could also be 
used, the spiral arrangement of two elonga- 
ted pieces of scintillation material is prob- 85 
ably the easiest to make and has the impor- 
tant advantage that the flow path for the 
medium being monitored is known precisely 
and avoids difficulties due to uncertain 
"hold-up" times caused by dead spaces 90 
within the cell. 

An important contribution to the per- 
formance of a detector cell made in accord- 
ance with the invention is due to the pres- 
ence of the condensed layer of moisture 95 
which is present on any surface in an atmos- 
phere bearing water vapour. The amount of 
surface moisture is related of course to the 
humidity of the air. The benefit accrues 
from the fact that the introduction of hu- 100 
mid air bearing tritiated water vapour leads 
by an exchange process to the de- 
position of tritiated water upon the 
plastic scintillator where it is detected with 
high efficiency Thus the efficiency of the 105 
detector for the detection of tritiated water 
vapour is higher than it is for the detection 
of tritium in the form of hydrogen gas. It 
is a fortunate coincidence that tritium in the 
form of hydrogen is very much less toxic 110 
(by about 1000 x ) than tritium in the form 
of water vapour so that an instrument cali- 
brated to give a correct response to tritiated 
water vapour will not underestimate the 
hazard from tritium in the gaseous form. 115 
This phenomenon of the exchange of tritia- 
ted water molecules with those of the film of 
water on the surface of the scintillation ma- 
terial, which is 99% completed in one or 
two minutes for rate of flow between 5 to 120 
10 litres per minute, is responsible for about 
90% of the number of the useful pulses, the 
remaining 10% being produced by the dis- 
integration (B particles originating in the air 
between the walls of the plastic scintillator 125 
sheets and after having reached the scintilla- 
tor have produced enough light to be detec- 
ted. 

This effect is illustrated in Figure 3 where- 
in two adjacent segments of the scintillation 130 
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pieces 20 and 21 are shown in section. The 
passage of air having tritiated water vapour 
has caused a build-up of condensed mois- 
ture on each surface of the pieces 20, 21, 
5 some of the water being in the form of tritia- 
ted water molecules. As illustrated in the 
figure, such molecules are detected with a 
substantially higher efficiency than the tritia- 
ted water molecules located in the space be- 

10 tween the pieces 20, 21 and are accordingly 
mainly responsible for the light pulses 40 
which are directly "light piped" within the 
boundaries of the pieces 20, 21 to the win- 
dows 16, 17 and thence to the photoelectric 

15 sensing device. 

In one example of a detector cell made in 
accordance with the invention the following 
specifications were used: 
Housing: ^ 

20 2 3/8" O.D. Stainless Steel Tubing Type 
304 

Sc'mtilladng Material : 

2 strips of 2" x 24" Plastic Phosphor 
.005" thick 
25 Coupling Wituiows : 

Silica glass 2 mm. thick (Corning Glass 
No. 7910). 
Cement : 

Carl H, Biggs R — 313 Bonding Agent. 

30 In the manufacture and assembly of the 
spiral scintillator core, the following pro- 
cedure was used. 19 Pieces of 0,005" poly- 
ethylene each 2" x 28" were prepared. 
These were formed into a "sandwich" with 

35 the two plastic phosphor strips and wound 
tightly around a 0.395" diameter mandrel 
so that the "layers" from the inside out 
were : 1 strip of polyethylene, 1 strip of plas- 
tic phosphor, 1 strip of polyethylene, 1 strip 

40 of plastic phosphor, and finally, on the out- 
side, 16 layers of polyethylene. After this 
assembly was rolled as tightly as possible 
around the mandrel, the remaining strip of 
polyethylene was wrapped around it and 

45 tied with a string after making sure that 
all the ends were level. The assembly was 
then annealed for four hours at 78**C ± 2°. 
thereafter removed and allowed to cool. The 
string was then cut and the polyethylene 

50 strips removed. The plastic phosphor strips 
were then assembled in a generally double 
spiral configuration with the ends "180° out 
of phase". Starting at the center, a 0.45" 
diameter string was inserted between the 

55 strips at points about i" from each edge 
so as to cause the strips to take up the 
parallel, spaced apart form illustrated in 
Figure 1. A surface of one of the windows 
16 or 17 was then covered with a film of 

60 the R — 313 bonding agent after which the 
spiral core assembly was placed thereon, 
pressure being applied to make sure that 
the whole of the edges of the strips at one 
end of the core came into contact with the 

65 cement. Clamps were applied and the assem- 



bly allowed to dry for 24 hours with air 
circulating within the spirals. After set- 
ting had occurred all of the strings 
were removed and the other window was 
cemented to the opposite end of the spiral 70 
core. Thereafter the inlet and outlet baffles 
31 and 33 which in this case comprised 
spring stock, were cemented to the outer 
ends 24, 25 of the spiral, care being taken 
to make sure that the free ends of the 75 
baffles were flush with the edges of the 
windows. After this operation was com- 
pleted, the complete core assembly was in- 
serted within the housing in the position 
shown in Figure 1 and the R — 313 bonding 80 
agent used to cement the windows 16. 17 to 
the housing. 

In the procedures outlined above it is 
important that the bonding of the spiral 
scintillator core to the end plates be done 85 
with no more cement than is necessary to 
cause small "fillets" to appear along the 
edges of the scintillation pieces. In the event 
that an excess amount of cement is used, 
shrinking effects during hardening can pro- 90 
duce hairline cracks which will lead to hold- 
up of contaminated air that wiQ give the 
cell a "memory" effect. 

A complete monitor unit incorporating a 
detector cell made in accordance with the 95 
invention will now be described briefly in 
connection with Fig. 4 of the drawings. The 
detector cell generally represented at 50 is 
so arranged that an air pump 51 connected 
to the outlet port 14 draws a sample of the 100 
air to be monitored into the inlet port 13 
and through the scintillator core. In 
accordance with phenomenon described 
above the scintillation light is directly 
piped to each of the windows 16, 17 105 
which are juxtaposed to the light-sensitive 
surfaces of photomultipiier tubes 52, 53 as 
shown. These are in turn energized by high 
voltage supplies 54, 55 and the outputs of 
the tubes are, in accordance with the means 110 
well known in the art, fed through amplifiers 
56, 57 to a coincidence and amplitude-sort- 
ing circuit 58 which in turn feeds a rate 
meter circuit 59 and an indicating or record- 
ing meter 60. 115 

Because only a relatively small total mass 
of plastic scintillator material is used in the 
detector cell, the response to gamma radia- 
tion is minimized. Furthermore, since the 
total bulk of the detector cell is relatively 120 
small, an air pump with quite limited capa- 
city (only a few litres per minute) is ade- 
quate and it is possible, even in a portable 
instrument, to provide a limited quantity 
of lead shieldine around the cell itself. 125 

WHAT WE CLAIM IS : — 

1, A nuclear radiation detector cell hav- 
ing therethrough a flow path for a medium 
to be monitored, said detector cell compri- 
sing optically clear windows disposed on 130 
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opposite sides of said path and adapted for 
juxtaposition to light-responsive sensing 
means, and two relatively thin, flat pieces 
of scintillation material disposed edge-wise 
5 between said windows, spirally wound in a 
parallel, spaced relationship to each other 
to define said flow path between said pieces, 
and optically coupled to said windows. 

2. A nuclear radiation detector cell as 
10 claimed in Claim 1. wherein said two pieces 

of scintillation material are disposed within 
an open-ended housing member having in 
the sides thereof inlet and outlet ports for 
said flow path, said windows being sealed 
15 across the opposite ends of said housing 
member. 

3. A nuclear radiation detector cell as 
claimed in Claim 2 additionally comprising 
inlet and outlet baffle members extending 

20 between the respective ports and the outer 
ends of said flow path whereby there is de- 



fined a channel for the medium to be moni- 
tored which includes, respectively, the inlet 
port, the inlet baffle member, the first half 
of said flow path leading inwardly to the 25 
centre of the cell and defined by the first 
surfaces of said two pieces, the second half 
of said flow path leading outwardly from the 
centre of the cell and defined by the second 
surfaces of said two pieces, the outlet baffle 30 
member and the outlet port. 

4. A nuclear radiation detector cell sub- 
stantially as hereinbefore described with 
reference to and as illustrated in Figures 1 
and 2 of the accompanying drawings. 35 

For the Applicants : — 
F. J. CLEVELAND & COMPANY. 
Chartered Patent Agents, 
Lincoln's Inn Chambers, 
40/43 Chancery Lane, London. W.C.2. 
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